We designed a Japanese version of the Smartphone Dependence Scale (J-SDS) for university students, and assessed its validity and reliability. For development of this scale, we initially selected 43 preliminary items based on previous studies of Internet and mobile phone dependence. Each response was scored using a Likert scale (0, 1, 2, 3), with higher scores indicating greater dependence. After administering the preliminary scale to 149 university students, the final 29 items were selected according to exploratory factor analysis. The final scale consisted of 5 factors: 1) craving and withdrawal, 2) overuse and tolerance, 3) virtual life orientation, 4) disturbance of concentration in class, and 5) physical symptoms. Reliability coefficient (Cronbach's alpha) values for the 5 factors and total J-SDS were 0.87, 0.87, 0.76, 0.77, 0.69, and 0.92, respectively. We then summed the Likert scores for each item to provide a quantitative overall smartphone dependence score, with higher scores indicating greater dependence. The J-SDS score became significantly higher with longer hours of smartphone use (p < 0.001). Our results suggest that the J-SDS is a reliable and valid scale for screening university students who may be at risk of developing smartphone dependence.
Introduction
The smartphone has rapidly developed over recent years and its use has become widespread an established part of daily life in many countries. According to the Ministry of Internal Affairs and Communications of Japan, the penetration rate of mobile phone use was 94.6% in 2014, with smartphones comprising 64.2% of those devices [1] . While this information and communication technology resource is very convenient and popular, various social issues have arisen in association with its use, including changes in interpersonal relationships, interference with school or work, physical health-related problems including pain in the wrists or back of the neck, sleep disturbance, excessive use, and even dependence (addiction). As various applications have been developed for use with smartphones allowing the Internet to become more accessible, patterns of dependence have been routinely reported [2] .
Because of its mobility and Internet capabilities, a smartphone can induce characteristics of dependence in users, such as overuse, tolerance, problems with withdrawal, difficulty with performing study or work, and cyber life orientation. Previous studies conducted in South Korea of university students have indicated associations of smartphone dependence with mental health, campus life, personal relations, self-control, and life stress [3] [4] . Adolescents may be at higher risk for exhibiting problems seen with the use of smartphones as compared to adults, because younger generations typically use smartphones as the primary tool to access the Internet [2] [5] .
Smartphone dependence especially among adolescents has recently become a very important problem in Japan. However, few valid or reliable scales have been developed to measure such dependence, thus there is an urgent need for a smartphone dependence scale that can be used for Japanese students.
In the present study, we referred to previous studies of Internet and mobile phone dependence to design a Japanese smartphone dependence scale for university students. We then, administered a questionnaire concerning smartphone use to 149 university students in Japan, and investigated the construction, as well as reliability and validity of the scale.
Subjects and Methods

Subjects
We recruited 169 healthy university students twenty and over from the Faculty of Medicine of Shimane University and the Faculty of Health and Welfare of the Prefectural University of Hiroshima in Japan from December 2015 to January 2016. They were from first-year to fifth-year students whose majors were medicine, nursing, or physical therapy. After receiving approval for the study protocol from the review boards of the institutions and informed consent from each participant, the subjects were asked to answer a set of self-reporting questionnaires designed to evaluate smartphone use and dependence. Answers from 149 of the respondents (32 males and 117 females; mean age 22.3 ± 2.1 and 21.1 ± 1.9 years, respectively) who regularly used a smartphone and properly completed all of the questionnaire items were statistically analyzed.
Demographic Information
Items pertaining to subject personal information, and the extent and nature of their smartphone use were included in the questionnaire.
Smartphone Dependence Scale Items
As it has been hypothesized that smartphone dependence has many aspects that are similar to those of Internet addiction, we referred to the Internet addiction criteria [6] when developing smartphone dependence scale. Based on previously developed scales and research findings [2] [6]- [13] , items that were considered to theoretically and empirically represent the characteristics of smartphone dependence were selected to comprise the present tool, termed the Japanese version of the Smartphone Dependence Scale (J-SDS). The preliminary scale consisted of 43 items, and each was scored on a 4-point Likert scale (0 = strongly disagree, 1 = disagree, 2 = agree, 3 = strongly agree),with higher scores indicating greater dependence.
Statistical Analysis
The final items of the J-SDS were selected according to exploratory factor analysis using a principal component factoring estimation of varimax rotation. A scree plot of ordered eigenvalues was used to determine the appropriate number of factors extracted. A factor loading value >0.40 was used to determine the items for each factor. The reliability coefficient (Cronbach's alpha) values of the factors extracted and total J-SDS were calculated for internal consistency determination. Likert scores for each item of the final J-SDS were summed to provide a quantitative overall smartphone dependence score, with higher scores indicating greater dependence. A Kolmogorov-Smirnov test was used to determine whether the J-SDS scores were normally distributed. To examine concurrent validity of the J-SDS, we used Spearman's correlation coefficient to examine the relationships of hours of smartphone use during weekdays and holidays with J-SDS score, and one-way analysis of variance and post hoc analyses to examine the relationships of hours of smartphone use from 10:00 p.m. to 4:00 a.m. and while in bed with J-SDS score. All analyses were performed using IBM SPSS Statistics version 19 [14] .
Results
The final 29 items of the J-SDS were selected according to exploratory factor analysis. Factor loading for the 29 variables after rotation of commonfactors extracted is shown in Table 1 . Five factors were extracted for these variables, i.e., craving and withdrawal (10 items: first 10 listed in Table 1 ), overuse and tolerance (8 items: numbers 11 -18), virtual life orientation (6 items: numbers 19 -24), disturbance of concentration in class (2 items: numbers 25 and 26), and physical symptoms (3 items: numbers 27 -29).
The reliability coefficient (Cronbach's alpha) values of the 5 factors extracted and the total J-SDS were 0.87, 0.87, 0.76, 0.77, 0.69, and 0.92, respectively.
Kolmogorov-Smirnov test results indicated that the scores of the J-SDS were normally distributed (p = 0.72). Mean scores for the J-SDS and hours of smartphone use during weekdays and holidays, as well as Spearman's correlation coefficient between J-SDS score and hours of smartphone use are shown in Table 2 . Hours of smartphone use during weekdays as well as holidays were significantly positively related to J-SDS score. 
Discussion
We developed the J-SDS on the basis of previous studies and used exploratory factor analysis with university students as subjects to establish its 5-factor structure, i.e.,: 1) craving and withdrawal, 2) overuse and tolerance, 3) virtual life orientation, 4) disturbance of concentration in class, and 5) physical symptoms. The factor "craving and withdrawal" includes the feeling of anxiety, impatience, and pain without a smartphone and constantly having one's smartphone in mind even when not using it, while "overuse and tolerance" refers to long and uncontrollable periods of use of one's smartphone, trying to control one's smartphone use but failing to do so, and spending an increasing amount of time using the smartphone to achieve the same level of satisfaction as previously experienced. The factor "virtual life orientation" includes the feeling that communication with one's smartphone is more enjoyable and intimate than relationships with real-life friends or family, "disturbance of concentration in class" refers to having a difficult time concentrating in clas due to smartphone use, and "physical symptoms" include headache, stiff shoulders and pain in the wrists or at the back of the neck due to excessive smartphone use. These 5 factors were partially consistent with previously reported findings regarding factors related to Internet addiction, which were listed as unpleasant feelings when off-line (withdrawal), excessive time spent on Internet-related activities (overuse and virtual life orientation), increasing tolerance to the effects of being online, and denial of associated problematic behaviors [6] . Therefore, we consider that the J-SDS has construct validity.
The values for Cronbach's alpha coefficient for the present 5 factors extracted and total J-SDS were 0.87, 0.87, 0.76, 0.77, 0.69, and 0.92, respectively. Although the value for the factor "physical symptoms" was not so high, the total J-SDS exhibited good internal consistency.
In the present study, hours of smartphone use during weekdays as well as holidays showed a significant positive relationship to J-SDS score. Furthermore, the J-SDS score was significantly increased when the hours of smartphone use from 10 p.m. to 4 a.m. and when those in bed increased. These results indicated the concurrent validity of the J-SDS. It has been reported that exposure to mobile phone emissions at nighttime may have an effect on melatoninonset time [15] , while mobile phone use has also been shown to be associated with sleep problems [16] [17] . Munezawa et al. reported that the use of mobile phones for calling and sending text messages after turning off the lights at night was associated with sleep disturbance in Japanese adolescents [17] . They concluded that since many adolescents frequently use a mobile phone at midnight despite the possible adverse effects on sleep, this lifestyle habit should be carefully considered when formulating preventive strategies against sleep disturbance in that age group. Along that line, we think that the J-SDS score can be a useful index of the adverse effects of smartphone use on sleep, because our results were found to be significantly associated with hours of smartphone use late at night and while in bed.
Our study has some limitations. In order to examine the concurrent validity of the J-SDS, we examined the relationship of J-SDS score with hours of smartphone use. However, it will also be necessary to compare that with other standardized scales of smartphone dependence. Furthermore, all of the present results were self- reported and a more objective method is required to better examine concurrent validity. In addition, the subjects were comprised of students from only two universities, the sample size was too small, and the demographic factor was not fully controlled because the gender ratio was not 1:1. As a result, the present sample group is difficult to generalize, and additional examinations with larger and more varied populations are required in order to evaluate the validity and reliability of this scale.
Conclusion
In summary, our findings suggest that the J-SDS is a valid and reliable self-administered instrument for screening university students who are at risk of developing smartphone dependence.
